Objectives: To examine if obesity status and socio-economic and lifestyle factors are associated with self-reported past food habit change, and also whether the level of obesity depends on the reason for change. Design: Cross-sectional analysis within the Malmo Diet and Cancer (MDC) study using data from the baseline examination and the extensive socio-economic and lifestyle questionnaire including questions of past food habit change. The risk of having changed food habits in the past was examined using logistic regression. Mean differences in obesity status across categories of reasons for past food habit change were examined using analysis of variance. Setting: Malmö, the third largest city in Sweden. Subjects: A sub-sample (15 282 women and 9867 men) from the MDC cohort recruited from 1992 to 1996. Results: Individuals with body mass index (BMI) . 30 kg m 22 had an increased risk of having reported past food habit change compared with individuals with BMI , 25 kg m 22 (odds ratio (OR) ¼ 1.63, 95% confidence interval (CI) ¼ 1.48-1.83 for women; OR ¼ 1.53, 95% CI ¼ 1.32-1.76 for men). The highest level of obesity was observed among individuals who had changed their diet due to reasons related to the metabolic syndrome. Changers were more likely to be highly educated and to live alone, be retired, ex-smokers and non-drinkers at baseline. Conclusions: Because past food habit change is related to obesity and other lifestyle and socio-economic factors, a complex confounding situation may exist that could seriously influence observed relationships between diet and disease. Studies need to collect information on past food habit change and take this information into account in the analysis and when interpreting study outcomes.
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. In fact, dietary habits from a decade ago and those close to the presentation of the disease could both be of importance. Dietary habits are, however, relatively stable 2 and the ability to change food habits varies between individuals 3 . Dietary changes over time may occur because active decisions are made about lifestyle and dietary behaviours 4 -6 . Food habits may also change because the availability of food products changes 7 -9 , or because alterations in life circumstances force individuals to change 8, 10 . During the baseline examinations of the Malmo Diet and Cancer (MDC) study, some questions on past food habit change were asked in order to adjust in analysis for the most obvious dietary changes in the past. The information obtained included when the change occurred, the reasons for dietary change and how the diet had changed.
Previous cross-sectional analyses within the MDC study have indicated that individuals with higher body mass index (BMI) appear to have changed their diets in the past to a greater degree than individuals with normal BMI 11 . This observation is of specific concern, because body fatness is a well-known risk factor in chronic disease and cancer epidemiology 12 . Studies examining the relationships between diet and cancer need to separate out risks associated with body fatness from risks of specific dietary factors. The dietary habits before a lifestyle change may be positively related to body fatness and to the development of the disease 13 , but the dietary habits after the change may have a different biological relationship. To clarify these relationships we now wish to examine more closely if obesity status depends on the specific reason for dietary change. Also, we wish to examine characteristics associated with past food habit change.
The specific aims of the present study were first to examine the risk of past diet change in relation to obesity status categories, while simultaneously evaluating the impact of socio-economic, demographic and lifestyle factors on this relationship. Secondly, the project examined mean differences in BMI across categories of reasons for food habit change, controlling for potential confounders.
Material and methods

Population
The MDC study, which is a population-based prospective cohort study in the third largest city of Sweden (250 000 inhabitants), conducted baseline examinations from March 1991 to October 1996. All men, aged 50 to 73 years, and all women, aged 45 to 73 years, living in Malmö were invited to take part in the study. Lack of Swedish language skills was the only exclusion criterion. With a participation rate of approximately 40%, the cohort consists of 28 098 individuals who either joined the study spontaneously or after receiving a mail invitation. A more detailed description of the cohort is given elsewhere 14, 15 .
Study sample
Three different versions of the socio-economic and lifestyle questionnaire were used during the baseline examinations. Only the second and third versions had information for all variables examined in this project and therefore constitute the study sample in the present study (women n ¼ 15 282; men n ¼ 9867). Version 2 was used during February 1992 to December 1994 and version 3 was used during December 1994 to December 1996.
Past food habit change
The independent variables used in this study are past food habit change and different reasons for past food habit change. Past food habit change was derived from the questionnaire item 'Have you substantially changed your eating habits because of illness or some other reasons?' and dichotomised into one variable as non-changers and changers. Subjects who reported change in diet were asked for the reasons for food habit change in closedended answer categories covering both health-related and more general reasons.
. Health reasons type one included: hypertension, high blood lipids, cardiovascular diseases, overweight, diabetes, high blood sugar, less physically active and a wish to control body weight. The classification was based on the assumption that these individuals might have similar food habits because they have received similar type of advice for diet change. . Health reasons type two included: more physically active, allergy, gastrointestinal disorder and mental disorder. These reasons for change are not associated with any obvious dietary pattern similarities. . Non-health reasons included: changed working hours, physically heavier work, eat alone nowadays, unemployment, physically lighter work, eat in company of others nowadays, worsened economy, retirement, disease in family, and other reasons. A six-category variable was constructed discriminating among non-changers, diet changers for health reasons type one only, diet changers for health reasons type two only, diet changers with both types of health reasons, diet changers for non-health reasons only, and diet changers with both health and non-health reasons. The duration (time period) since food habit change was computed from the self-reported calendar year when respondents had changed their diet and the date for the baseline examinations.
Obesity
Trained project staff measured weights, heights, waist (midway between the lowest rib margin and the iliac crest) and hip circumferences (horizontally at the level of greatest lateral extension of hips) during baseline examinations with subjects in light indoor clothing and without shoes. BMI (kg m
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) was defined as weight (kg) divided by the square of height (m). A three-category BMI variable was created, with subjects categorised as normal weight (, 25 . The occupation variable was grouped into three categories: gainfully employed, retired and others (home workers, students and unemployed). . Alcohol. The information on alcohol consumption was obtained from the socio-economic and lifestyle questionnaire and the dietary data collection, which is a modified diet history method specifically developed for the MDC study 19 . Individuals who reported zero consumption in the menu book, and who indicated in the socio-economic and lifestyle questionnaire that they had not consumed any alcohol during the previous year, were categorised as zero consumers. The other subjects were categorised according to an assumption of biological risk 20 . The categories for men/women were, respectively: , 20 g/, 15 g alcohol daily (low), 20 -40 g/15 -30 g alcohol daily (medium), and . 40 g/. 30 g alcohol daily (high). . Smoking status was defined by a three-category variable: current smokers (including irregular smokers), ex-smokers and never smokers. . Leisure-time physical activity was assessed by a list of activities in the questionnaire (18 items). Participants were asked to report how many minutes per week on average, and for each of the four seasons, they spend on a specific activity. These figures were all multiplied by an activity-specific factor. A physical activity score was obtained by computing the sum of all activity products. Four categories of leisure-time physical activity were identified by the participants' quartile ranking. . Physical activity at work was defined by a four-category item in the questionnaire: very low, low, medium and high activity. . Household work was assessed by the self-reported number of hours a week spent on household work, including shopping. A variable with four categories was constructed: 0-6 h, 7-13 h, 14-19 h and . 20 h weekly.
Statistical analysis
The SPSS statistical computer package (version 11.5; SPSS Inc., Chicago, IL, USA) was used for statistical analyses and all analyses were separated by gender. Differences at the 0.05 level were considered statistically significant. Bivariate analyses of different variables in relation to past food habit change were performed. The categorical variables examined were: education, socio-economic status, country of birth, occupation, marital status, co-habitation status, age at baseline (categorical), alcohol consumption, smoking habits, physical activity at work, physical activity at leisure time, household work, categories of BMI and central obesity status. Logistic regression was used to assess the risk of having changed the diet in the past in relation to different BMI categories, lifestyle and demographic characteristics. These characteristics were first analysed in separate models. Secondly, analysis was performed with all categorical variables in the same model, except waist circumference. Trend tests were performed for BMI, age, alcohol consumption, physical activity at leisure time, physical activity at work and household work. The risk of past food habit change for waist circumference categories was controlled for the potential confounders and BMI. Finally, analysis of variance compared the mean differences of BMI across the six categories of reasons for food habit change, controlling for potential confounders. Median time since change and 25th, 75th and 95th percentiles for time since change across reasons for change were computed.
Results
Participant characteristics
Characteristics of the study population are described in Table 1 . Approximately a quarter of the study population reported past change in food habits. The most commonly reported reasons for change in both men and women were health reasons type one, and a combination of both health and non-health reasons. Non-health reasons for change were more common among women than among men. The median time since past food habit change was 4 years for women and 5 years for men. The level of obesity was slightly different across gender groups. Similar proportions of women and men were obese (13-14%). However, more females had BMI below 25 kg m 22 .
Females also had a lower degree of central obesity. Tables 2 and 3 show the risk of past food habit change for women and men, respectively. The risk of having changed the diet in the past increased with increasing BMI. The trend of increasing risk was especially obvious in women. The increased risk was preserved when adjusted for socioeconomic and lifestyle factors. Age was not really a risk factor for dietary change. However, when controlling for other variables, in women only, the age group 55-60 years was associated with an increased risk.
Multivariate analyses for food habit change
Education was not a risk factor when examined alone, but higher education was an indicator of food habit change both in women and men when adjusted for other variables. Socio-economic status, on the other hand, was not related to past food habit change.
The increased risk among widows and widowers and divorced women compared with married individuals in the separate model did not appear in the mutually adjusted model. Instead a decreased risk was observed among women who had not married. There was still an increased risk among divorced men compared with married men. Women and men not born in Sweden were more likely to have changed their diet in the past. Both men and women who lived alone had an increased risk compared with those living together with others.
Smoking and alcohol habits seemed to be related to dietary change. In women and men, ex-smokers were more likely to be past food habit changers than current smokers. Among men, even non-smokers had an increased risk of having changed the diet. Non-drinkers of alcohol were more likely to be changers than drinkers in both gender groups.
However, physical activity was not clearly related to past food habit change. Females in the highest quartile of physical activity at leisure time were more likely to be diet changers, but the differences between quartiles were small. However, an increasing risk trend (P ¼ 0.03) was seen in females with increasing physical activity at leisure time. Men with more than 14 h of household work per week were more likely to have changed their diet in the past.
In women, BMI and waist circumference were both genuine risk factors for past food habit change when analysed in the same model, but risk estimates became lower. Among men, only BMI was positively associated with increased risk for food habit change, not waist circumference, when analysed in the same model. Waist circumference and BMI were highly correlated in this study, with a Pearson correlation coefficient of 0.87 in women and 0.88 in men.
Reasons for food habit change BMI values differed significantly depending on the specific reason for food habit change (Table 4) . Individuals reporting health reasons type one only, both types of health reasons, and both health and non-health reasons had the highest BMI values. Individuals in these categories all reported at least one health reason related to the metabolic syndrome. In women, mean BMI in these categories was clearly different from mean BMI in the other reasons categories. In both gender groups, the lowest BMI values were observed among individuals with other health reasons (like allergies) and non-health reasons. The estimates were significantly lower in these categories compared with non-changers. When adjusted for other socio-economic and lifestyle variables (data not shown) these relationships did not change.
In individuals with health reasons type two, the reported change in diet was more distant in the past compared with individuals having other reasons for change.
Respondents who changed food habits a long time ago had lower BMI than respondents who reported a more recent dietary change. Significant trends in BMI were observed across the number of years since change both among women and men reporting diet change due to type one, or a mix between health one and type two health reasons (data not shown).
Discussion
This study examines obesity status and other characteristics associated with self-reported past food habit change. Overall, individuals who reported a past food habit change are more obese than individuals with no reported change. However, individuals with past food habit change because of health reasons associated with the metabolic syndrome are more obese than individuals with no food habit change or food habit change because of non-health reasons. This study also suggests that high education level, living alone, not born in Sweden and being retired are associated with past food habit change. Moreover, different health-related behaviours are associated with past food habit change, including smoking and alcohol habits.
A similar proportion of men and women reported a past food habit change in the present study, although other studies have observed that women are more willing to change their diet 21 and have actually changed their 22, 23 . However, there is an indication that the reasons for change differ between men and women, with men reporting more health reasons type one compared with women. Changing diet because of personal health has been shown to be more important for males 23, 24 . In women, cosmetic considerations in relation to obesity may be more important than health reasons for food habit change 25 . The relationships observed with central obesity support this argument. Both general and central obesity predict diet change in women, but it appears that men do not change because of an increasing waist circumference but rather when they have gained more weight in general.
Higher education is associated with increased risk of past food habit change. This may indicate that bettereducated individuals are more aware of the importance of the diet and find it easier to access and understand complex information about diet 26 . High educational level among men has previously been associated with more healthy food habits 27 . However, knowledge of nutrition also tends to increase with socio-economic status 26 , but no increased risk of past food habit change is observed across socio-economic status groups in the present study. Socioeconomic index used herein is the established classification from Statistics Sweden based on data about occupation, working task and position 18 . Education and socio-economic status are often highly correlated but the correlation may vary in different populations. Both education and socio-economic status have previously been associated with a change to healthier food habits 28 . However, another study found the opposite result 27 . Most studies have only asked for a change towards a healthier diet. Although health reasons clearly dominate, the information collected in the MDC study captures both food habit changes for health and non-health reasons.
When the life situation changes, lifestyle -including food habits -may also change. Living alone is a stronger predictor of past food habit change than being divorced or being a widow or widower. This may indicate that a change of diet is more easily accomplished if not living together with other people, i.e. when other people's preferences do not influence the choice of food 29 . The increased risk among individuals not born in Sweden is expected, because food habits often change when individuals move to another country 30 .
An overall change in awareness of the health importance of other lifestyle factors may be linked to a change in food habits. In this study, change in smoking habits, alcohol habits and dietary habits seem to be related, with more exsmokers and non-drinkers among past food habit changers. Many of the non-drinkers may be ex-drinkers and a change in food habits may also be associated with smoking and drinking cessation. These results are similar to previous observations about health-related behaviour patterns, indicating that many unhealthy behaviours, including smoking, alcohol consumption, physical inactivity and unhealthy dietary habits, often are combined 31, 32 . However, in the present study, physical activity does not seem to be strongly connected to past food habit change. We only know the self-reported physical activity at the baseline examination, not if study participants have changed their activity habit in the past. Individuals with past food habit change are more obese and one plausible suggestion might be that those who have changed food habits were less physically active before the change.
The increased risk of past food habit change among obese subjects might be due to dieting behaviour. Dieting is supposed to be more common among females and may be one explanation for the stronger association between obesity and past food habit change in women than in men 33 . However, most subjects did not report obesity as a reason for the change in food habits. Among men and women with past food habit change, 26% and 30% respectively reported weight reduction as one reason for the change.
However, there is no information concerning obesity status at the time when the change occurred, which is a limitation of this study. It is possible that some of the respondents already were obese at the time dietary change was instigated, and lost some weight afterwards. Analyses concerning time since change indicate that those individuals who changed their diet a long time ago have lower BMI than individuals who reported a more recent change. The observation was most obvious among respondents giving at least one of the type one health reasons for change. So, for some respondents some weight reduction appears to have occurred.
This study only captures self-reported food habit change, which is a limitation. Also, obesity is often associated with . Self-reported dietary change in obese individuals may, however, indicate a real change in food habits in an attempt to lose weight, which is restrained eating. It may also indicate an overall change in behaviour patterns including other health behaviours, as indicated by this study. For instance, lifestyle changes, including dietary habits, are common after a cancer diagnosis 35, 36 and diagnosis of other diseases 37, 38 . Also, the type of dietary change may include either qualitative alterations (e.g. changing type of fats, meats, etc.) and/or quantitative alterations (e.g. reduced energy intake). Dietary changes leading to weight reduction mainly involve quantitative alterations. There are reasons to believe that changes due to metabolic syndrome involve both quantitative changes to lose weight and qualitative changes, e.g. changed balance between macronutrients because of type 2 diabetes 39 . Dietary changes due to allergy etc. probably involve qualitative changes (e.g. replacing ordinary milk for lowlactose milk among individuals with lactose intolerance) 40 . It is also plausible that the perceived dietary change may not always be a real change 41 .
A parallel project examines dietary factors in relation to past food habit change, because we need to know if the quality of the diet differs depending on different reasons for dietary change.
The major importance of the present study lies in the possible confounding of past food habit change on dietdisease relationships. Preliminary analyses within the MDC cohort suggest that women with past food habit change could be at high risk for breast cancer. This could indicate that these women were exposed to dietary and other lifestyle factors associated with increased breast cancer risk preceding the change in dietary habits. So far, studies analysing dietary factors in the MDC study have adjusted analysis for past food habit change 42 . We need to know, however, the specific exposure responsible for an increased disease risk, i.e. to separate the obesity exposure from the dietary exposure. Cancer may have long latency periods, and tumour development proceeds in many steps, including complex metabolic processes that may involve essential nutrients 1 . Dietary habits before a lifestyle change may be positively related to the development of the disease 13 , but the situation may be reversed after a change in dietary habits. The availability of data on past food habit change is an advantage of the MDC cohort, which allows researchers to adjust in analysis for an important confounding aspect. Longitudinal studies often repeat the assessment of diet during the follow-up period, in order to capture the long-term dietary exposure during disease-free years, but few other studies request information on past food habit change at baseline. In summary, past food habit change is associated with obesity and different socio-economic and lifestyle factors. Especially, individuals with reported dietary changes due to reasons related to the metabolic syndrome are more obese compared with other respondents. This study indicates the importance for nutrition epidemiological studies to account for past food habit change when examining relationships between dietary factors and diseases.
